An experiment was carried out at Agricultural Research Station, Serai Nourang (District Bannu), Khyber Pakhtunkhwa-Pakistan to study the effect of irrigation levels and seed rates on wheat production. Experiment was laid out in a randomized complete block design with split plot arrangement having four replications. Five irrigation levels (IL1 = 120, IL2 = 230, IL3 = 360, IL4 = 470 and IL5 = 600 mm) were allotted to main plots. While seed rates (SR1 = 60, SR2 = 80, SR3 = 100, SR4 = 120 and SR5 = 140 kg ha -1 ) were allocated to sub plots. The sub plot size was 4 x 1.8 m 2 consisted six rows 30 cm apart. The fertilizer dose of 120 kg N ha -1 and 90 kg N ha -1 was applied in the form of Urea and DAP. Data recorded from the irrigation treatments revealed that maximum tillers m -2 (362), grains spike -1 (64), leaf area index (4.24), 1000-grains weight (43.19 g), grain yield (3130 kg ha -1 ), biological yield (13167 kg ha -1 ), net income (Rs. 44283), BCR (3.71%) and MRR (370.82%) was noted in plots irrigated with 470 mm water. Regarding seed rates, maximum tillers m -2 (346), grains spike -1 (62), leaf area index (4.08), 1000-grains weight (43.15 g), grain yield (3160 kg ha -1 ), biological yield (10403 kg ha -1 ), net income (Rs. 39967), BCR (3.46 %) and MRR (345.95%) was recorded in plots seeded with 120 kg ha -1 . In case of interaction between irrigation and seed rates, an increase was observed in tillers m -2 , grains spike -1 , leaf area index, 1000-grains weight, grain yield, biological yield, net income, BCR and MRR up to 120 kg ha -1 as seed rate and 470 mm water as irrigation. It was concluded that irrigation up to 470 mm and 120 kg ha -1 seed rate gave better results and therefore recommended for better production of wheat.
Introduction
Wheat requirement in Pakistan are growing at an exorbitant rate. Wheat being the staple food of general populace plays a vital role in socio-economic system of Pakistan. Being a major crop of Pakistan its average yield is too low when compared to that of advanced countries. During 2009-10, the average area, production and yield (kg ha -1 ) were 8447.90 (000 ha), 21276.80 (000 tones) and 2519 kg ha -1 respectively. In Khyber Pakhtunkhwa, the average area, production and yield (kg ha -1 ) were 721.30 (000 ha), 1100.60 (000 tones) and 2553 kg ha -1 [1] . Low yield of wheat in Khyber Pakhtunkhwa and Pakistan as a whole is attributed to various factors, such as lack of (a) optimum water requirement (b) balanced use of nitrogen fertilizer (c) optimum seeding density (d) good seed of high yielding varieties (e) proper cultural practices. Water deficits are also associated with increased grain protein content [2] . Irrigation, or any cultural practice that enhances yield potential, can decrease grain protein content because of dilution with carbohydrates if nitrogen availability is not increase commensurately [3] . Excess level of irrigation or irrigation in the absence of a yield increase decreased grain protein (apparently by leaching nitrogen below the root zone). In contrast, irrigation increased grain protein content in other cases, and irrigation can mobilize surface-applied fertilizer. Plant density is one of the major factors determining the ability of the crop to capture resources. It is of particular importance in wheat production because it is under the farmer's control in most cropping systems. Optimum plant densities vary greatly between areas according to climatic conditions, soil, sowing time, and varieties [4] . Consequently, there is value in defining relationships between density and wheat yield to establish optimum seeding rates for various regions [5] . Therefore keeping in view the importance of optimum utility of water and plant population, the current study was designed to investigate the effect of irrigation levels and seed rates on wheat production.
Materials and methods
Experiment was conducted to study the response of wheat to various irrigation levels and different seed rates at Agricultural Research Station, Serai Nourang (District Bannu), Khyber Pakhtunkhwa-Pakistan. The study was aimed to find out the optimum water amount, optimum seed rates with respect to growth stages of wheat for higher grain yield. Experiment was laid out in a randomized complete design with split plot arrangement having four replications. Five irrigation levels (IL1 = 120, IL2 = 230, IL3 = 360, IL4 = 470 and IL5 = 600 mm) were allotted to main plots. While seed rates (SR1 = 60, SR2 = 80, SR3 = 100, SR4 = 120 and SR5 = 140 kg ha -1 ) were allocated to sub plots. Sub plot size was 4 
Economic analysis
The profound analysis is termed as marginal rate of return (MRR), which were calculated that each incremental increase in cost was obtain a given increase in net benefit. For example, MRR = 95%, which indicate that for every Rs.1.00 invested, one can expect to recover the Rs. (With the increase in total cost, there is increase in net income. but when the total cost exceeds the net income or with the increase in total cost, there is decrease in net income, and then it is called dominated treatments).
Statistical analysis
Statistical analysis of the two years data was done at 1 % level of probability using Duncan's Multiple Range Test (DMRT) to test the difference between the individual means [7] .
Results

Number of tillers m -2
Irrigation levels and seed rates had significant effect on tillers m -2 (Table 1) . Maximum tillers m -2 (362) were noted for plots treated with 470 mm of water (IL4), followed by plots treated with 600 mm water (355) IL5, which was statistically similar to IL4 while minimum tillers m -2 (250) were produced when plots were irrigated with 120 mm of water (IL1). Similarly in case of seed rates, maximum tillers m -2 (346) were counted when plots were seeded with 120 kg ha -1 (SR4), while minimum tillers m -2 (299) were recorded when 60 kg ha -1 seed rate was used (SR1). Regarding interaction between irrigation levels and seed rates, maximum tillers m -2 were noted when water was used at the rate of 470 mm and 120 kg ha -1 seed rate was used (IL4SR4), while less tillers m -2 were noted from plots when 120 mm water was applied and seeded with 60, 80 and 100 kg ha -1 which were statistically similar IL1SR1, IL1SR2, IR1SR3 ( Figure 1a) .
Number of grains spike -1
The potential of wheat spike is determined by the number of grains spike -1 which is an important yield component of grain yield. The data on number of grains spike -1 of wheat significantly influenced by different irrigation levels and seed rates are presented in Table 1 . Maximum grains spike -1 (64) were recorded from plots treated with 470 mm water (IL4), while less grains spike -1 (51) were recorded when 120 mm water (IL1) was given. The data also revealed that in seed rates, more grains spike -1 (62) were produced when plots were seeded with 120 kg ha -1 seed rate (SR4), whereas less number of grains spike -1 (54) were noted with 60 kg ha -1 seed rate (SR1). The data further showed that interaction between irrigation levels and seed rates (IL x SR) was found significant. Maximum number of grains spike -1 were noted when water was used at the rate of 470 mm and seeded with 120 kg ha -1 (IL4SR4), while minimum number of grains spike -1 were recorded from plots when 120 mm water was applied and 60 kg ha -1 seed rate used (IL1SR1, Figure 1b ).
Leaf area index
Leaf area index is used as an indicator of plant growth and development for evaluating assimilation and transpiration rates in plant physiological studies. It ultimately affects the yield attributes and grain yield of wheat. A significant influence in LAI of wheat by irrigation levels and seed rates is reported Table 1 . Statistical analysis of the data showed that maximum leaf area index (4.24) was recorded in plots treated with 470 mm of water (IL4) followed by the plots treated with 600 mm of water (IL5), while minimum leaf area index (2.58) was recorded when plots were irrigated with 120 mm of water (IL1). Regarding seed rates maximum leaf area index (4.08) was noted when plots were seeded with 120 kg ha -1 (SR4), while minimum leaf area index (3.24) were recorded with 60 kg seed rate ha -1 (SR1). The data also indicated that interaction between irrigation levels and seed rate was found significant (Figure 1c) . Maximum leaf area index was noted when water was used at the rate of 470 mm and seeded with 120 kg ha -1 (IL4SR4), while minimum leaf area index was recorded from plots when 120 mm water was applied and 60 kg ha -1 seed rate used (IL1SR1). Thousand grains weight (g) It can be inferred from the data showed in Table 2 indicated that 1000-grain weight of wheat was significantly affected by irrigation levels and also by the seed rates. Statistical analysis of the data showed that maximum 1000-grains weight (43.19 g) was recorded when plots were irrigated with 470 mm water (IL4), followed by plots treated with 600 mm water, while minimum (38.38 g) were produced from those plots treated with 120 mm water (IL1). In case of seed rates, heavier grains (43.15 g) were produced when plots were seeded with 120 kg ha -1 seed rate (SR4), while lighter grains (39.30 g) were noted with 60 kg ha -1 seed rate (SR1). The data further showed that interaction between irrigation levels and seed rate was significantly affected 1000-grains weight (Figure 1d ). It is clear from the data that during maximum 1000-grains weight were noted when water was used at the rate of 470 mm and seeded with 120 kg ha -1 (IL4SR4), while minimum was recorded from plots when 120 mm water was applied and 60 kg ha -1 seed rate used (IL1SR1). Grains yield (kg ha -1 ) Grain yield in wheat is the ultimate goal towards which all the efforts are directed. Data presented in Table 2 indicated that irrigation levels and seed rates had significant effect on grain yield of wheat. Maximum grain yields (3130 kg ha -1 ) was recorded in plots treated with 470 mm water (IL4), while minimum grain yield (2417 kg ha -1 ) was recorded when 120 mm water (IL1) was given to the plot. Regarding seed rates, maximum grain yield (3160 kg ha -1 ) was produced when plots were seeded with 120 kg ha -1 (SR4), while minimum grain yield (2437 kg ha -1 ) was noted with 60 kg ha -1 seed rate (SR1). It was also cleared from statistical analysis of data that IL x SR interaction significantly affected grain yield of wheat (Figure 1e ). Maximum grain yield was noted when water was used at the rate of 470 mm and seeded with 120 kg ha -1 (IL4SR4), while minimum was recorded from plots when 120 mm water was applied and 60 kg ha -1 seed rate was used (IL1SR1). Biological yield (kg ha -1 ) Table 2 presents data regarding biological yield of wheat. It was revealed from statistical analysis that irrigation levels, and IL x SR interaction significantly affected biological yield of wheat, whereas the effect of seed rates was found non-significant. Maximum biological yield (13167 kg ha -1 ) was recorded when plots were irrigated with 470 mm water (IL4), while minimum (5137 kg ha -1 ) was produced from those plots supplied with 120 mm water (IL1). In case of interaction between irrigation levels and seed rates, maximum biological yield was noted when water was used at the rate of 470 mm and seeded with 120 kg ha -1 (IL4SR4), while minimum was recorded from plots when 120 mm water was applied and 60 kg ha -1 seed rate used (Figure 1a &f) . 
Economic analysis
Net income, benefit cost ratio (BCR) and marginal rate of return (MRR %) showed a significant increase (Fig: 2 & 3) . Maximum when plots were treated with 470 mm water and gave Rs. 44283.00 net profit as compared to other treatment, similarly minimum (Rs. 22974.00) net profit from the plots irrigated @ 120 mm water. Data also indicate that plots seeding 120 kg ha -1 recorded huge net profit (Rs. 39967.00) as compared to plots in which seed rate was used @ 60 kg ha -1 produced low net profit (Rs. 29091.00). When the interaction was studied, it was noted that combination of 470 mm and 120 kg ha -1 seed rate record maximum (Rs. 54043.00) net profit. Minimum net profit was gained when 120 mm water was supplied and seeded with 60 kg ha -1 (Rs. 20177.00). When the BCR (benefit cost ratio) was studied, it was observed that irrigation levels showed a significant increase. Maximum (3.71) BCR was noted when plots were irrigated with 470 mm of water, while minimum (2.53) BCR was recorded from the plots treated with 120 mm water. In case of seed rate treatments, highest BCR was noted when plots were seeded with 120 kg ha -1 (3.46), while lowest (2.53) BCR was recorded from those plots in which seed rate was used @ 60 kg ha -1 . The data further revealed that interaction between irrigation and seed rate was significantly affected. Maximum BCR (4.26) was observed when 470 mm water was applied and seeded with 120 kg ha -1 .Minimum BCR was noted from the plots 2.39 was noted when plots were irrigated @ 120 mm and 60 kg ha -1 seed rate was used. The profound analysis is termed as marginal rate of return (MRR), which were calculated that each incremental increase in cost was obtain a given increase in net benefit. It is clear from the data that highest MRR % was noted from the plots irrigated with 470 mm of water (370.82), while lowest MRR % was recorded from those plots which were treated with 120 mm water (252.88). When the seed rate treatments were studied, it was noted that plots seeded with 120 kg ha -1 produced maximum (345.94) MRR %. Minimum (287.29) MRR % was noted from those plots seeded with 60 kg ha -1 . In case of interaction, maximum (352.15) MRR % was noted in the combination of 470 mm water and 120 kg ha -1 seed rate, while minimum MRR % was recorded from the plots irrigated with 120 mm water and seeded with 60 kg ha -1 (238.77). Form the economical results, it is concluded that always don't increase water from 470 mm, because the yield and yield components will affected as well as the extra water will be loss, due to insufficient utilization and it will directly affect economic condition of the farmer. 120 kg ha -1 seed rate is recommended as we use huge amount of seed rate, then due to inter and intra plant competition, the yield will decrease and also economical loss (Table 3 ). 
Discussion
Irrigation levels had significant effect on tillers m -2 . These results are in conformity with [8, 9] who obtained maximum tillers by increasing irrigation levels. Different seed rates significantly affected tillers m -2 . These results are also reported by [10, 11] who found maximum tillers at higher seed rates than at lower seed rates. The interaction between irrigation levels and seed rate was also found significantly affected. The tillering potential was much higher at higher seed rate, when compared to lower seed rate. It might be due to that the number of tillers m -2 decreased with increase in seeding rate, because, by increasing seed rate per unit area, the inter plant competition for space, nutrient, moisture and sun light increases which results in lower tillers m -2 . The potential of wheat spike is determined by the number of grains spike -1 which is an important yield component of grain yield. Data showed that irrigation levels had significant effect on grains spike -1 . The reason could be the low water stress in plot which received the higher number of irrigation. It could be due to the shortage of H2O that less numbers of grains were produced with the application of IL1 treatments. [12] stated that highest number of grains spike -1 was recorded for 4 irrigations and lowest for 2 irrigations. The data also revealed that different seed rate significantly affected number of grains spike -1 . The increase in grains spike -1 with decrease in seed rate might be due to the plant nutrients present in the soil were enough for the vegetative growth and grain formation because of less number of plants per unit area. Similar results were also reported by [13] , who reported that higher seed rates produced significant decrease in the number of grains spike -1 . The data further showed that interaction between irrigation levels and seed rate was found significant.
Similar results were also reported by [14] , who stated that at highest levels of irrigation and seed rate, plant population was also high which created a sort of competition for space and nutrition and outcome was a reduction of number of grains spike -1 . Leaf area index is used as an indicator of plant growth and development for evaluating assimilation and transpiration rates in plant physiological studies ultimately affect the yield attributes and grain yield of wheat. The increase in leaf area index with irrigation is due to increase in tillers m -2 and leaf area tiller -1 . Both of these characters as well as leaf area index may have been increased due to increased water availability that affect cell division and cell enlargement. These results are in agreement with [15] reported that maximum leaf area index was noted when nitrogen was used @ 110 kg ha -1 . The data further showed that different seed rate had significantly affected leaf area index. This might be due to long vegetation growth in low seeded plots than higher seeded ones. The seeding rate at 140 kg ha -1 decreased the leaf area index due to greater competition among the plants for the limited sunlight and available nutrients in the soil. Similar results were also reported by [16] . The data also indicated that interaction between irrigation levels and seed rate was found significant. It might be due to greater competition among the plants to the limited sunlight and available nutrients in the soil for Leaf area index. As leaf area index depend upon tillers m -2 and leaf area tiller -1 , the differences in leaf area of the crop under different irrigation and seed rates may be due to interaction of internal genetic factors with environmental factor especially light and water status of the soil. Data indicated that 1000-grain weight was significantly affected various irrigation levels. This may be due to that lower seeding rates produce a high proportion of secondary tillers, which may be more prone to producing small grain. This is attributed to higher temperature and water stress during grain filling than the earlier forming primary tillers.
These results are in conformity with [17] who reported that grain weight can be increased by increasing irrigation levels.
[13] stated that water stress caused premature grain desiccation and resulted in a marked decline in grain sucrose and reduced grain weight. The data also revealed that different seed rate had significantly effect on 1000-grain weight. It may be due to the variation in spikes m -2 , because as spikes population increase, the amount of assimilates to be translocated to spike by each plant per unit area decrease and thus resulted in less 1000 grain weight under light seeding densities. The results obtained agree with findings of [18] , who also reported that 1000 grain weight decreased with increasing in seeding densities. The data further showed that interaction between irrigation levels and seed rate was significantly affected 1000-grains weight. Identical findings were reported by [2] . The loss in yield due to water deficit during the flowering period cannot be recovered by providing adequate water supply during the later growth period. Grain yield in wheat is the ultimate goal towards which all the efforts are directed. Statistical analysis of the data indicated that irrigation levels had significant effect on grain yield. These results are in agreement with [17] who stated that wheat with 4 irrigations gave 64.50 % more grain yield than the crop with 3 (2128 kg ha -1 ) and 2 (1646 kg ha -1 ) irrigation respectively. The data also revealed that different seed rate had significant effect on grain yield. These results are in agreement with [16, 20] who reported that grain yield increased as seed rate increased and the highest grain yield was produced by plots seeded at the rate of 120 kg ha -1 . Analysis of data further showed that interaction between irrigation levels and seed rate was significantly affected grain yield. These results are in agreement with [21] . Biological yield is an important parameter because farmers are also interested in straw in addition to grain. It can be inferred from the data showed that biological yield was significantly affected various irrigation levels. These results are in conformity with [13] reported that straw yield increased when the number of irrigations increased from 2 to 4 but further increase showed negative effect. Data indicated that seed rate had non-significant effect on biological yield of wheat. The biological yield was significantly affected by seed rate. Similar trend was observed in pooled analysis of two years data. These results are in agreement with [2] who stated that the increase in biological yield with higher seed rate might be due to more number of plants per unit area. Analysis of data further showed that interaction between irrigation levels and seed rate was significantly affected biological yield. Similar results were also reported by [14] . Biological yield is a product of number of tillers m -2 and tillers weight including spike weight and grain weight. The differences in biological yield could be variation in tillers m -2 and tiller weight. 
